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Key Points

•Children with PCNSL
and no immunodefi-
ciency have a good
outcome when treated
by a histological
subtype–driven and
radiation-free protocol.

•New treatment guide-
lines are needed for
PCNSL in children and
adolescents with an
underlying
immunodeficiency.

Introduction

Primary central nervous system lymphoma (PCNSL) is a rare subtype of non-Hodgkin lymphoma (NHL) in
childhood and adolescence, with an increased risk among patients with immunodeficiency.1-5 Given the
rarity and lack of any prospective trials, reliable data on PCNSL are lacking, with most data coming from
case reports or small series. Thus, 2 of the largest childhood NHL consortia, the European Intergroup for
Childhood Non-Hodgkin Lymphoma (EICNHL) and the international Berlin-Frankfurt-Münster (i-BFM)
Group, as well as selected North American centers, designed a retrospective multinational study on
pediatric PCNSL. Here, we present data from the largest series of pediatric patients with PCNSL
reported to date.

Methods

We conducted a retrospective survey of children and adolescents up to 19 years of age who were
diagnosed with PCNSL between 1991 and 2019. Patient data were retrieved from 21 EICNHL and/or
i-BFM Group members or selected North American institutions. The survey included questions about
demographics, disease, treatment, outcome, and late effects. PCNSL was defined by intracerebral/
intraspinal mass(es) and/or cranial nerve palsies not caused by an extradural tumor and/or tumor cells
in the cerebrospinal fluid and/or involvement of the eye(s). Although the 2016 World Health Organization
Classification now recognizes diffuse large B-cell lymphoma (DLBCL) of the central nervous system (CNS)
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as a distinct lymphoma, PCNSL is an accepted clinical term that is
independent from the histopathology.1,2,5-7 For this reason, we included
all histologic subtypes. For patients enrolled in national trials/registries,
data collection was approved by the respective ethics committees.8-23

In nontrial/nonregistry patients, the retrospective data collection
was performed with local Institutional Review Board approval.

Seventy-five patients with PCNSL were identified. Diagnosis of the
NHL subtype was based on contemporaneous pathological criteria.6,24-27

Event-free survival (EFS) was calculated from date of diagnosis to date of
first event. Events considered were relapse, progression, and death.
Overall survival (OS) was defined as the time from diagnosis to death
from any cause or date of last follow-up. EFS and OS curves were
estimated according to the Kaplan-Meier method. The Cox proportional-
hazard model was used for multivariate analyses of EFS and OS.

Table 1. Initial characteristics and therapy of the 75 PCNSL study

patients

Variable Patients

Patients, n 75

Sex

Female 29 (39)

Male 46 (61)

Age, y

Median (range) 12.5 (1.25-18.87)

,10 26 (35)

$10 to ,15 31 (41)

$15 18 (24)

Preexisting disorder

Yes 14 (19)

No 56 (75)

Unknown 5 (6)

Lansky score

,40% 14 (19)

$40-79% 27 (36)

$80% 19 (25)

Unknown/not applicable 15 (20)

B symptoms

Yes 9 (12)

No 59 (79)

Unknown 7 (9)

Cranial nerve palsies

Yes 33 (44)

No 39 (52)

Unknown 3 (4)

Histopathologic subtype

DLBCL 37 (49)

Burkitt lymphoma 9 (12)

Mature B-NHL NOS 5 (7)

ALCL 17 (23)

Other NHL 7 (9)

BCP LBL, n 4

EN MZL, n 1

PTCL, n 2

Localization

Intracranial 70 (93)

Intraspinal only 2 (3)

Leptomeningeal only 3 (4)

No. of lesions

1 36 (48)

$2 32 (43)

Unknown/not applicable 7 (9)

Initial LDH level, U/L

,500 53 (71)

$500 10 (13)

Unknown 12 (16)

Table 1. (continued)

Variable Patients

Initial therapy

Chemo only 31 (41)

Chemo and rituximab 15 (20)

Chemo and RT 24 (32)

Chemo and rituximab and RT 2 (3)

Other 3 (4)

Therapy

Pediatric NHL-type* 57 (76)

Adult NHL-type† 1 (1)

Miscellaneous‡ 17 (23)

Chemotherapeutic drugs, n§

High-dose methotrexate 68

High-dose cytarabine 55

Anthracyclines 59

Alkylating agents 64

Intrathecal therapies 69

RT

Yes 26 (35)

No 49 (65)

Stem cell therapy in CR1

Autologous 3 (4)

Allogeneic 1 (1)

Rituximab in mature B-NHL 17 (32)

Unless otherwise noted, data are shown as n (%).
BCP, B-cell precursor; Chemo, chemotherapy; CR1, first complete remission; EN MZL,

extranodal marginal zone lymphoma; LDH, lactate dehydrogenase; NOS, not otherwise
specified; RT, radiotherapy.
*NHL Berlin-Frankfurt-Münster therapy, n 5 30; Lymphomes Malins B therapy, n 5 14;

Inter–B-NHL therapy, n 5 5; Associazione Italiana Ematologia Oncologia Pediatrica linfoma
non-Hodgkin (AIEOP LNH) therapy, n 5 2; EICNHL therapy, n 5 2; Sociedade de
Hematologia e Oncologia Pediatrica LNH therapy, n 5 1; Japanese Pediatric Leukemia/
Lymphoma Study Group B-NHL therapy, n 5 2;, Children’s Oncology Group AALL1131
trial, n 5 1, including 17 of the 26 (65%) patients with RT.
†Cancer and Leukemia Group B 50202 trial, n 5 1.
‡Including 9 of the 26 (35%) patients with RT.
§High-dose-methotrexate (n 5 68): ,5 g/m2, n 5 5; 5 g/m2, n 5 38; 8 g/m2, n 5 25.

High-dose-cytarabine (n 5 55): #6 g/m2, n 5 13; 8 g/m2, n 5 1; 12 to 12.5 g/m2, n 5 41.
Anthracyclines (n 5 59) with doxorubicin in 57 patients and a median cumulative dose of
100 mg/m2 (range: 25-240 mg/m2).
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Results and discussion

The study cohort is shown in Tables 1-3 and supplemental
Tables 1-3. The male/female ratio was 1.7:1, and median age
was 12.5 years. Three histopathological subgroups were identi-
fied: (1) mature B-cell NHL (B-NHL; n 5 51; 68%, including
DLBCL [n 5 37], Burkitt lymphoma [n 5 9], and B-NHL, not
otherwise specified [n 5 5]), (2) anaplastic large cell lymphoma
(ALCL; n 5 17; 23%), and (3) other NHL (n 5 7; 9%, including
B-cell precursor lymphoblastic lymphoma [LBL; n5 4], peripheral
T-cell lymphoma [PTCL; n 5 2], and extranodal marginal zone
lymphoma [n 5 1]). Fourteen patients (19%) had preexisting
disorders, including immunodeficiency (n 5 11), hematologic
malignancy (n5 2), and factor VII deficiency (n5 1). Epstein-Barr

virus (EBV) status was documented in 47 patients, among whom
9 (19%) were EBV1.

Median time to diagnosis was 6.4 weeks, with 31 patients (41%)
receiving a diagnosis within 4 weeks of symptom onset. Thirty-three
patients (44%) presented with cranial nerve palsies. Seventy patients
(93%) had solid intracranial masses, 2 patients (3%) had intraspinal
mass(es) only, and 3 patients (4%) had leptomeningeal disease with
involvement of the cerebrospinal fluid only. The Lansky score was available
in 60 patients: 19 had a score$ 80%, and 14 had a score, 40%.28

Fifty-eight patients (77%) were treated according to NHL-subtype–
directed protocols (pediatric type, n 5 57; adult type, n 5 1;
B-NHL–block therapy: B-NHLs, n 5 38, ALCL, n 5 14; leukemia-
type therapy: LBL, n 5 4, PTCL, n 5 2), and 17 patients (23%)
received miscellaneous therapies.8-23 Thirty-one patients (41%)
were treated with chemotherapy only, 15 (20%) were treated with
chemotherapy 1 rituximab, 24 (32%) were treated with chemother-
apy 1 radiotherapy, and 2 (3%) were treated with chemotherapy 1
rituximab 1 radiotherapy. One patient underwent observation alone
after total resection, 1 received no therapy for 3 months for logistic
reasons, and 1 patients remained without therapy.

The chemotherapeutic cycles included high-dose methotrexate in
68 patients (91%), high-dose cytarabine in 55 patients (73%), and
anthracyclines in 59 patients (79%). Alkylating agents were used
in 64 patients (85%), with cyclophosphamide used in 61 patients.
Intrathecal therapies were used in 69 patients (92%) including
triple therapies in 56 patients. Twenty-six patients underwent
irradiation (35%; whole brain, n 5 22) with a dose range of
18 to 45 Gy (ALCL, n 5 13; DLBCL, n 5 9; other NHL, n 5 4).

Table 2. Disease outcome and long-term side effects of the 75 PCNSL

study patients

Variable Patients

Treatment failure

Median (range) time to, y 0.77 (0.27-6.78)

Relapse* 12 (16)

Progression 2 (3)

Localization of failure, n

CNS only 8

CNS and other 2

Outside CNS only 2

Unknown 1

Multiple sites n.f.s. 1

Death 12 (16)

Relapse/progression, n 6

Without any therapy, n 1

Therapy-related toxicity, n 4

Unknown, n 1

Second malignancy, n 0

Continuous CR 58 (75)

Follow-up

Median (range), y 5.22 (0.19-25.29)

In CR1 53 (91)

In CR2 5 (9)

CR not yet achieved at LFU, n 5

Long-term side effects

Neurological 22 (29)

Endocrine 3 (4)

Cardiac 0 (0)

Other 7 (9)

Osteonecrosis, n 5

Psychosocial, n 1

GVHD, CMV-associated retinitis, n 1

Unless otherwise noted, data are shown as n (%).
CMV, cytomegalovirus; CR, complete remission; CR1, first complete remission; CR2,

second complete remission; GVHD, graft-versus-host disease; LFU, last follow-up; n.f.s.,
not further specified.
*ALCL, n 5 6; DLBCL, n 5 5; Burkitt lymphoma, n 5 1; extranodal marginal zone

lymphoma, n 5 1; LBL, n 5 1.

Table 3. Characteristics of the 14 PCNSL patients with preexisting

disorders

Type of preexisting

disorder

Patients,

n Histology Event

Immunodeficiency

HIV infection 2 Burkitt lymphoma/
DLBCL

No/dead: TRM
(sepsis)

St. p. heart transplantation 1 DLBCL Dead: TRM (graft
failure)

St. p. kidney
transplantation

1 DLBCL No

St. p. liver transplantation 1 DLBCL No

SLE 1 DLBCL Dead (cause
unknown)

CLIPPERS 1 DLBCL No

Colitis ulcerosa 1 DLBCL Dead: TRM (details
NA)

PID n.f.s. 2 DLBCL/DLBCL No/dead of disease

CVID 1 ALCL Dead: TRM
(pneumonia)

Other disorders

B-cell precursor LBL 1 DLBCL No

JMML 1 DLBCL Relapse

Factor VIII deficiency 1 ALCL No

CLIPPERS, chronic lymphocytic inflammation with pontine perivascular enhancement re-
sponsive to steroids; CVID, common variable immunodeficiency; JMML, juvenile myelomonocytic
leukemia; NA, not available; PID n.f.s., primary immunodeficiency not further specified; SLE,
systemic lupus erythematosus; St. p., status post; TRM, treatment-related mortality.
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Four patients (5%) completed therapy with a stem cell trans-
plantation (autologous, n 5 3; allogeneic, n 5 1). After a median
time of 5.22 years, 5-year EFS and OS were 74% 6 5% and
85% 6 4%, respectively (Figure 1A-B). Of the 75 patients, 14
(19%) had primary treatment failure (relapse; n 5 12; pro-
gression, n 5 2) after a median time of 0.77 years, including only
1 patient with a preexisting disorder. Twelve patients (16%) died,
including 6 after relapse, 1 from PCNSL without any therapy, 4 from

treatment-related toxicity as a first event, and 1 from unknown causes.
Of the latter 6 patients, all had preexisting disorders.

Univariate analysis showed that preexisting disorders (EFS, 77%6 6%
vs 53%6 14%,P5 .027; OS, 89%6 5% vs 62%6 14%,P5 .001)
and number of lesions (1 vs $2 lesions: EFS, 89% 6 5% vs
66% 6 9%, P 5 .085; OS, 97% 6 3% vs 76% 6 8%, P 5 .043)
were associated with inferior outcome (Figure 1C-D). In contrast,
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Figure 1. EFS and OS rates of the 75 PCNSL patients

according to risk factors. EFS (A) and OS (B) of the 75

PCNSL patients. (C) EFS of the 56 PCNSL patients

without a preexisting disorder vs 14 PCNSL patients with

a preexisting disorder. (D) EFS of the 36 PCNSL patients

with 1 lesion vs 32 PCNSL patients with $2 lesions. (E)

EFS of the 68 PCNSL patients who received therapies that

included high-dose methotrexate vs 6 PCNSL patients who

did not receive high-dose methotrexate. (F) EFS of the 55

PCNSL patients who received therapies with high-dose

cytarabine vs 19 PCNSL patients who did not receive

high-dose cytarabine.
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high-dose methotrexate (P5 .0002), high-dose cytarabine (P5 .012),
and alkylating agents (P 5 .033) were associated with improved
EFS (Figure 1E-F). Other factors, including age, sex, Lansky score,
B symptoms, histopathology, type of therapy, rituximab in B-NHLs,
or radiotherapy, had no significant impact on EFS or OS (supplemental
Table 4). In multivariate analysis, high-dose methotrexate remained
significant for EFS, and preexisting disorders remained significant
for OS. Analysis of 60 patients without preexisting disorders showed
an EFS of 83% 6 5% for pediatric NHL therapy vs 57% 6 19% for
miscellaneous therapy (P 5 .044; supplemental Figure 1), whereas,
among 14 patients with a preexisting disorder, 5 of 6 patients with
NHL therapy had an event but only 2 of 8 patients with miscellaneous
therapy had an event.

Long-term sequelae were primarily neurological (n 5 22, 29%;
including 8/26 with radiotherapy) and rarely affected endocrine organs
(n 5 3, 4%), heart (n 5 0), or other organs/systems (n 5 7, 9%).

This report on 75 patients with PCNSL represents the largest series
of PCNSL in childhood and adolescence reported to date.1-3,29-31

Our results show that PCNSL is associated with male sex, age
$ 10 years, solid intracerebral disease, and immunodeficiency.
Among adults with PCNSL, the majority of cases are DLBCL
(90%).7 In our cohort, DLBCL was the most common histology, but
it was observed in only 49% of cases, suggesting that histopathol-
ogy of PCNSL in pediatrics might be distinct.

EFS of 74% 6 5% for the entire cohort is comparable to that of
children with CNS1 systemic NHL and similar to the 2-year
progression-free survival of 61% that was reported by the Interna-
tional PCNSL Collaborative Group in 29 2- to 21-year-old PCNSL
patients.11-13,15,16,23,29 Our favorable outcome has been achieved
by histological subtype–directed polychemotherapy in most patients,
suggesting that pediatric PCNSL can be successfully managed
by protocols designed for children with CNS1 systemic NHL, usu-
ally including high-dose methotrexate and high-dose cytarabine,
steroids, and no irradiation (except for ALCL).11-13,15,16,23,29 Our
evaluation of prognostic factors found preexisting disorders to be
associated with inferior EFS and OS. In contrast, usage of high-dose
methotrexate, high-dose cytarabine, and alkylators, which are
fundamental drugs of all pediatric NHL-subtype protocols/trials,
were associated with improved prognosis.11-13,15,16,21,23,29

Our study has limitations, including its retrospective nature, with
potential for reporting bias. For subanalyses, patient numbers were
small and included different histologic entities. Nevertheless, given
the rarity of this entity, these data are likely to be the best available
to determine important factors in the treatment and outcome of
pediatric PCNSL. This international collaboration allowed us to
conclude that treatment recommendations are especially needed
for PCNSL patients with immunodeficiencies, who are at risk for
treatment-related toxicity/mortality, whereas immunocompetent
PCNSL patients receiving pediatric histological subtype–directed
polychemotherapy and no irradiation do well.

Acknowledgments

The authors thank all participating institutions andphysicians for their
support of the study. This EICNHL and i-BFM article was written on
behalf of the Berlin-Frankfurt-Münster (BFM) Study Group (Austria,
Germany, Switzerland, Czech Republic), Associazione Italiana
Ematologia Oncologia Pediatrica, Société Française de Lutte
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